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This paper examihes the current state of knowledge concerning how o increase

the |novices"s understanding of .computers and computer programming.' In par-
. ‘& J
ticular, this paper reviews how advances in coghitive and educatioanl psy-

chology may be apprlied to problems in te:-iching nqn-progrgnnneré how to use

computers,. Two majos.instructional techniques are reviewed: providing a
. t

h .

concrete model of the computeér, and encouraging the léarners to actively put

technical information into fheir own words.
. § P
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INTRODUCTION “ S " .
, / , S
This articke focuses on the question, ''What have we learned about how to

. . . r '
increase the novite's understanding of computers and computer pyogramming?'' Im
; > . . . ]

i Y . . !
particulgr, this paper reviews ideas from cognitive and educatiogal psychology

» N -
‘ that are related to the problem of how to teach nen-programmers tp use com—

3
.

puters. Since people who ‘are not professional programmers will have to learn

how to interact with computers, an. important issue concerns how to foster
) ’ ’ . ~ .

t  meaningful learning of computer concepts by novices. .-

Meaniqgful learning 4s viewed as a process in which the learner connects
- .

.. i . - - .

new materfal with knowledge that already exists in- memory (BRAN79). The ex-
. r'. N 1 . ‘.
isting knowledge in memory has been called '"schema' and the process of con-

N

. necting new-information to it has been called "assimilation." However, there;

ig not yet agreement concerning the specific mechanisms that are involved in -

Magsimilation to schema" (ANDE77, AUSU77, BARD32, KINT74, MINS7S, RUME?S,{\

S('ZHA77,NI'HORZ7)/. ' Y

Figure 1 provides a general framework for diéCussion the process of

. ” . : i " ~
, Mmeaningful learning (or assimilation to schema) of technical information

. K

-, [} '
(MAYE]Sa,fMAYE7Q§). Ig the figure, the human cognitive system is broken down .
. intos . N v # .
r Pu .
o short term memory -- a temporary and limited capacity store for holdiqg

1

. and manlpulating,informption, and
'S ST . . N . ’
f long term memory -- a permanent, organized, and unlimited store of
14 - .’ .
existing knowledge. T ‘

- ng»'Lchnical 1nformxtioﬁ enters the human cognitive system’ from the outside
N 4 . . y " . . . : r "
- i \
and must go through the following steps for meaningful learning to occur:

v s s (Y 1
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(a) Recegtion. Firgt the learrner must pay attentiod to the incomlng

¢ information so that it reaches short term memory (as indicated by

» e ¢ .
arrow a). —
]

{b) Availabilitz. Second, the learner' must possess appropriate

2+

. prerequisite concepts in long term memory to, use in assimilating
the new information (as indicated by point b.)
- -
Activation. Finally, the learner must actively use this pre-
===

requisite kn wledge during learning so that thé new material

T — N

may be connected with it'(as indicated by arrow ¢ from long term

memory to short term memory)‘

Thus, in the course of mlaningful learning, the learner must come. into
contact with the new material (by bringing it into working themory), then must
search long term memory for what Ausubel (AUSU68) calls ”appropriate anchoring

1deas" or "ideational scaffolding,"” and then must transfer those ideas o

PR

working memory so they can be combined with new inboming information. If any of
»

these conditions is not met meaningful learning cannot on:; and the learner
I

E will be forced to rotely memorize each piece of new inﬁprmation as a separate

‘\) item to be adddd to memory. The techniques reviewed in this article are aimed
‘. \
at insuring that the availability and activation conditions are likely‘Bo be

. 172 5
met. ) . N r

» ‘L

’

-

Insert Figure 1 abouf here

[y

The goal of this article is, to explore technidues for increasing the

Y

novice's understanding of computer programming by exploring techn1Ques thacﬁ

,/ractivaie the appropriate anchoring ideas.”" " Two nid\EE reviewed in’ this
AN
-y
' paper are: (l) providing a familiar concrete model of the computer, and




- r:\ ’
(2) encouraging learners to put technical information into their own woY}ds.

. Each technique is an attempt to EgstEr the process by which familiar exis{ing

s o .
- '

4 knowledge is connected with new incoming techpical information. For each

. Y
technique, a brief ra;ignﬁ&e 1s presented, examples of research are presented,

and an evaluative summary is offered. \
. ~ . .

1. UNDERSTANDING OF TECHNICAL INFbRMATIOﬁ BY NOVICES

1

1.1 .Definitions . . L o
3
ii\f\\\\ For present purposes, understanding is defimped as the ability to use

A -

*

learned information in problem 'solving tasks that ar{di_fferent from what was
explicitly taught. Thus, understanding is manifested in the user's ability to

‘e

transfer learning to new situations\ Novices are defined as users who have had

little or no previous experience with computers and who do not intend to become

3

professional programmers, and thus lack §beclfic knowledge of eomputer pro-

e

. gramning. ’

-

.

1.2 Disfinction Between Understanding and Rote Learning o :

.

The Gestalt psychologists (WERTSY, KATO42, KOHL25) distinguished between

) .
two ways of learning . how to solve problems--"rote learning" vs. "understanding.'

With respect to mathematics learning, for example, there is often a distinction
\ : ’

made between ''getting the tight answer” and "understanding what you are doing."
In & classic example, Wertheimer suggests that there are two basic ways to
teach a child how to find the drea of a parallelogram (WERTS9). One method

tnvolves dropping a perpendicular line, measuring the height of the perpen- ~

. .

@iCular,‘meaSuring the length of the base, and caICuiétiné area by use of the -

formula, Area = Height x Base. Wertheimer calls this the "rote léarning” or
"senseless' method, because the student simpl§ memorizes a formula and a pro-

cedure. The other method calls for the student to visually explore the pary
«- ¥ )

0

allelogram until the student sees that you codld cut;a triangle from one end,

'

[

v

P . L o

§ .
' ¥

.
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»

put it on the other end, and form a rectangle. Since the student already knows

\ a
-

how to find the area of a\rectangle,'the problem is solved. wejéheimer calls

I

this' method "structural understanding” o "meaningful apprehension of relations "
’
since the learner has gained insight into the structure of parallelogréms
According to Wertheimer, if you give a test involving parallelograms like

the' one used during instruction both groups of children. will perform well.
i
However, if you give a transfer test that involves unusual parallelograms then

the rote learners will say, '"We haven't -had this yet," while the understanders

will be able to deriye answers. °‘Thus, the payoff for undﬁrstanding comes not in

direct application of the newly learned matérial, but rather in transfer to new
—~

situations. This example suggests that.whepn créativé'use of new technical

information is-the goal, it is important to use methods that foster under-:

Ve

standing y

2.0 DO CONCRETE MODELS AID WEANIVGFUL LEARNING OF COMPUTER PROGRAMMING?

2.1 Statement of the Problem

]

Since novices lack domain specific.knowledge, one technique for improving

their understanding of new, technical information is to provide them with a

framework that can be used for incorporating new information. This technique’
[ ]

is aimed at insuring availdbility of knowledge in ldng te me?ory (See Figure 1).

‘The present section explores the effects of codcrete model

-

standing and learning of new technical tnformation such as computer programming.

people's under-

The major research questions concern how concrete models influence the learniag

Process and how to choose an effective model. ' T

e

2.2 Concrete Models in Mathematics Learning

One technique for providing the appropriate prérequisite knowledge 1is the

use of familiar, concrete models. For example, Brownell & Moser *(BROW49)

A}

taught third graders how %o use a subtraction algorithm, .using tyo~different

'.' ] - . ,}_




’

. . . I8

.. 5
. \ y /X
) methods. One group of several ‘hundred ‘children was taught by using concrete

"objects like bundles of sticks. For these children, concepts like "borrowing"
and "place value" ‘were described in terms of-rearranging bundles of sticks into
groups of tens. the other grdup was taught in a purely mechanical rote:

fashion"; these children were explieitly given the rules for subtraction at the

start and given plenty of ”hands on'" expe;}gncg,in éxeCuting the procedures on

- «
standard two‘digit subtraction problems. Although both groups of students
- . . LY ’ -
learned to perform equally well on standard two digit subtraction problems, the
. L) .

o students who learned with bundles of sticks performed better on tests in-

\ ~ i
; volving transfer problems (e.g., morg complicated Suhtraction problems).

In current instructional g%actice, manipulatives, such as coins or sticks

. or blocks, are used in mathematics teaching in ordet to make computational

N

‘,,procedures more concrete (WEAV72 RESNSO) In a careful set of interviews with
children who.were learning to subtract, Resnick & Ford (RESNSO)‘noted that

Y

children o%ten invented a concrete model to help them understand the procedure.
S ¥ .
" Since computer programming shares many of the characteristics of computational .
procedures in mathematics, it seems possible that the use of manipulatives in

o computer programming might be as successful as in mathematics.

" 2,3 Models, Titles, and Advance Organizers in Text

. ‘ There 18 also encouraging evi&ence that similar techniques may be used to

increase the meaningfulness of technical information presented in text. For

AY
example, Bransford & Johnson (BRAN72) presented the following passage to sub-
jects: ) ’ : K
, - =
. The procedure is act;ally-quite simple. - First you arrange
= A4
items ingo different groups. Of course, one pile may be
) -

sufficient depend¥ng on. how much there is to do. If, you




','\Y have to go somewhere else due fo lack of facilities that is

the next . ssep, otherwise you are pretty well sef It is
Ymportant not to overdo' thing's. An the shortffhn this may
l \\:Eit seem important, Put complications can easily arise. A \
* mistake can be expensive as well: At first,.the whole‘J

procedure will seem complicated.. Soon, however, it will

Y . o . . . A
become just ardother facet of life. It dis difficult -
ta' '

to foresee any end to the.necessity for this task in

' A

the immediate future, but then, one neverj}an'tell.

L ] After the procedure is completed one arranges the

materials ihto different groups again. Then they can
be put intd;their appropriate places. Eventuﬁlly

they will be- used once more .and the whole cycle will
o
have to be repeated. - However, this is part of- life.

' ' P

Subjects who read this passage, without a title, rated it low in compre-

hensibility (2 3onal7 point scale) and recalled an average of only 2.8 out of -

18 ideas fr%g,the passage. However, some spbjects were given a description of
the topic-—washing clothes-—before the passage. These suhjects rated the

passage much higher in comprehensibility (4.5 on a 7 point scale) and recalled

¥

more than twice as much information.(S:S idea units out of 18). In addition, a

third group was given the washing clothes topic after the passage was presented.

. g

However, this group performed at about the same low level as the subjects who

were given no topic, (rating the passage at 2,1 in comprehension and regalled an

- x
dverage of 2.7 idea units). Similar‘studies (BRAN?Z DOOL71p DOOL72) also found

. that students' recall of ambiguous and technical passage was enhanced when an

organizing title or_diagram or sentence was given prior to reading. However,




-

VY

- i - . 7 ’

‘these techniques did not have the same facilitating effect when presented after

- the student had read the passage. These results suggest that the learner must

have an appropriate assimilative set avéil;ble at the time of learning. 'Even -

'
-

though the same total amount of information may be presented, the ptudedts"

~
Al

ability tc{?}pall and use the information in the passage is much higher when

. : [ .
the clarifying title or picture is given before rather than after reading.

Ausubel (AUSU68) has argued that learning of new technical prose may be

enhanced by providing an advance organizer--a short expository introduction,

presented prior to the text, containing no specific congent from“the text, but

ﬁroviding the general concepts and ideds that can be used to subsume the in- ’

formation in the text. The first advance organizer studies conducted by
' ) . * . * ~ ¥

Ausubel and his colleagues in the early 1960's (AUSU60, AUSU63, AUSU68),

provided some support for this assertion. For{example, in‘a typieal &tudy
: N

(AUSU60), 120 college students read a 2500-word text on mesallurgy-after

reading either a 500-word advance organizer that presented the underlyidg'
* ’

. _— N -
framework for the information or a;Pontrbl 500-word historical passage. The.

advance organizer presented the abstract(principles involved in fhe text. On a

-

réading comprehension post-test covering, the basic information in the passage,

the advance organizer group performed significantly better rhan the control
v 1 * ' -
group,.with scores of 47% correct J;;;:z\kaz correct, respectively.

L
More recently, retiews.of the advance organizer literature reveal-that

-

advance organizers tend to have their strongest‘eféects in situations where .
learne{é are unlikely to already possess'usegui prerequisite coﬁcepts;-namely,
for technical or unfamiliar ﬁaterlal, for "low(nbility" or inexperienced -
studenc;t—and when the test rnGOIQes transfer to new situations (MAY€;9a,

MAYE79b). For example, to study the effects of advance organizers on different

kinds of materials, Lesh (LESH76) asked 48 college students to watch'a four-

7
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:.'_ hour videotape on finiteu geometry. An’organizer that gav’e~cont:rete\ examples

s .

and mode’ls was ~provided either before .or after instruction, * The instructional .~ ,

~
- - Do | - . .

lesson was organized, etther in a order of increasing diffic'ulty «(hierarchical

'orde::) :.or. in\an. order that repeated key 'c’oncepts and related new material to . -
\ S -pre:ious ma,te’iai (spiral order), Res of a standard post-test indica*d- v
h", A | that the advance orgfnizer graup. outperformed the post-organizer group for the X
. - hierarchical unit But the d‘ifferEnce was much less for che -epfral unit.

v - s, -
] ilar treatment x magerial type interactions were obtained using social
. ‘ . Id
" -
( , _studjges lessons (SCHU75), and mS!hematics ltssons (GROT68) Similarly, rRaye

t 4

(R.AYE73) reported thae th.e title biasing effects obtained by Bransford &
o . Johnson (BRAN?Z) with .the washing clothes passage wer’ eliminated when the: ’

passage wasaaxde more concrete and famil ’L’hus there is consigtent evi-
8

- > o
S '/— dence that organizers have stronger effeots for unfamiliar, abstract infor-

, " mation t}an for familiar, concrete information. . e . "L,
~ 'ﬁ In a siudy investigating the effects of advance organizers on students
. _/‘“ with irigh and low abilit;v.(or knowledge), physics material was taught to high
~ ‘ school students NEST76) Advarrce organize*r:s, consisting of cangrete models,' )

N
tended "Eo improve test performance of 1ow ability students but had a much

smaller effect, }for high ability subjects Similar group X ability“lnteractions
t&-._ >
. were obtained by several other researchers (RING?l FITZ63 AUSU62, AUSU61

AUSU63, AUSU77 SMIT69). Thus, there is evic?ence that advance organizers have

a%stronger effect oh low knowledge or low ability learners as compared to high

knowledge or high ability learners. . & - :
e ' . . . . PR

o - Finall in studies. invo ing transvfer tests (i.e. problems that: are
e/

- organizers’ have a stronger effecr_ on transfer perfor'mance than on simple re-

- Y -tent*n. Fot example, this pattern was obtained with material on mathematical
. - ? \ » : ®
. g - N s . :’
e : . L .
R &...
4 - : 10 T




' followin&‘idelines (MAYE79a): (1) The organizer should allow the reader to

a‘- L] e
on electrica

M

] ' ’ Ag‘ © 9

. topology (SCAN67), number, bases (GROT68, MAYE77), and an imaginary science .

(MERR66 ). . - ' \ ' -

Many of the apparent conflicts -in the advance organizer literature .
(BARN?S LAWT77) can be accounted for by the idea that advance organizers

Eind a way of connecting new information with existing knowledge--organizers
1 3

are not’ needed for faﬁiliar material experieﬂted learners, or wherd the test

- ¥
does not involve Jransfer. PR \ .

’
«

L 4 '
"While there is at present’no foolproof procedureé -for generating useful

S - . o .
advance organizers, a careful review of the existing literature suggests the

A s

generate dll or some of the logical relations in the text. (2) The organizerl

should prdvide ; eans of relating the information in the text with exist%ng

knowledge. (3) The organizer should be familiar to the learqﬁrs. (4) The
. o : . |
organizer encourages the learner to prerequisite kno:?edge/that the learmer

would not normally have used. To date, advance organ{zers have been most
¢

effectively used in mathematics and science topics (MAYE79a) .
. ' *

Royer and his.colleagues (ROY57€: ROYE76) have demonstraétd that goncrete

4

models may serve as effectiye advance organizers in learning of new scientfific

-

ir studies, subjects read two passages, such as a'bassage

information.

tivity followed by a passage on heat flow. For some

a -

‘v - e

subjects, the first q:ssage ._'contai‘ned several coficrete analogiee, such as

' ‘electrical conduction being'déicribed as a chain of falling domirdoes. For.
v .

"other subjects, the first ‘passage 3£esented the same information in abstract

hd .
.

form without any concrete anglogies. Reading of the second passage was facili- ,__//

tated if students had been given concrete models in the first passage (e.g.,

recall of the information in the second passage was aboutstwice that of control

groups). Apparently, the models presented in the first oassage could be used

f% '
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_ io

by léarners during the reading of the second passage to help relate the tech-
t . . c

- .

nical terms to famfliar concepts.

~

Similarly, White & Maye$/1WHIT80) analyzed phys&cs textbooks to determine
wp\‘cong$Ete models were used For example, many textbooks explain Ohm's, Law -
by describing wafer flowing in pip!t,-or a boy pushing a heavy Jogd up én

. , ‘.' . - -

1nclined strébt, or electron flow through a circuit. Recent results (MAYESO)

show that when concrete analogies are embedded in a technical text, novices S

74 -
tend to perform best on recalling these “familiar models and tend to recognize,

the information adjacent to the model in g text.

. (
2.4 Cogycrete Models ih Cémputer Programming®

7.

- et ) .
In previous sections, research was' presented conce the role of

\ ‘ . .
manipulatives in’'mathematics instruction, titles and pictures iﬁ\teﬁembering
~ ) ) 7/

ambiédous passages, and advance organizers and models in science text In each

case there was evidence that these techniques serve to provide the learner with

appropriate anchoring khowledge that is required for comprehension of new tech-

' - - }
nical information. The present section focusesgon research related specif-

- -

ically to computédr programming.
v

. DuBoulay and his collgagues (DUBO76, DUBO80O) have provided a concrete
. o

model for teaching LOGO to children. The model consists of a concepwyal LOGO

machine with concrete memory locations, switches and work space, which Wllow . -

tHe learner to "work" the dachine. f; /
’ /
DuBouldy and his colleagu‘: hagees argued that there are two basic'approache&

\

to learning- to interact with a computer. ‘Ihe first approach could be called

P

the black box approach. In this approach the user developes the attitude t‘at

.the computer is a black box--you put in commands and data and out comes the

~answer as if by magic. The mechanisms by which the computer operates are-

hidden from the\:jei£77nd the user is likely to assume that computers are just » ’_

g - /
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. not*understandable. ‘Such users-are likely to memorize algorithms that "work'*--

3

i.e., thar generate the desired ansvers. -However, such users are not able to

> A

relate the pommands to an’ understanding of what goes on-inside the black box.

The se “approach is what can be called the glass box approach. In this
~
approach '}he usep att%ipts to understand what is going on inside the computer.

~

Each command results in Some change in the computer and these changes can be
-described and underStood. The level of description need not--indeed should.
not--be at theﬁ"blood and guts" level Users do not need to beoome electronics -
|~ ’ experts. There is an appropriace level of description that Mayer (MAYE79c)

. -' nefers to as thé "transaftion level,” Similarly, DuBoulay et al, (DUB080)

o offer two important properties for maling h!ﬁ%hg&operations of a language mbre
. ~’clear to a nouice: (l) simpltcitg;-there should be a 'small number of parts

that interact in,\?ys that can be easily understood " and (2) visibili;y--

- . novices should be able to view ''selected parts and processes' of the model
"in action.” The D model appears to fit these specifications because it
-y .
b is a simple, famil odel of the computer operations involved 1in.LOGO; in

!
. . i

short, it allows*the user to develop intuitions about what goes on inside the

computer for eachwline cgde. Unfortunately, however, DuBoulay and his

colleagyes have rf_ot provided empirical tests concefiing whether the LOGO
. [ .
madhine model actually influences the problem solving performance of new

/ learners, as _compa‘xd to '.,'t"-'aditiong" methods that emphasize only "hands on

experiences." .- : . . ’ "

‘e

2.5 Effects gf Models on Transfer Performance : -
y Th :

In order to ‘provide some information concerning the effects of concrete

— ~

modeds on learning computer programming, a series of studies was conducted

~

-~ . \..,
. (MAYB75b). In the studies, subjects were either given a concrete model of the

cOmpwter or awt. . Then subfects read a manual on a BASIC-like langua&g and took

. v

" a transfer test on.the marerial.

P .
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Method. Eiguré 2 shows the model of the computer that was used to explain

elementafy BASIC-like statements to novices. The model provides concrete

Insert Figure 2 about here

. [
-

analegies for four major functional units. of the computer: (l)_inpﬁc is repre-

r
A

sented asha ticket window in which data is lined up waiting to be\procéssed and’

is placed in the finished pile after being processed, (2) output is represented

£ .
a4s a message note pad with one message written per line, (3) memory is repre-

sented as an eraseable Scoreboard §n Jhiéh there is natgral destructive reagiin
and non-&estructive read-out, and. (4) executive control 1§'represented as é
reciég or shgpping list~with a]aoiﬁéer a;row to indicate the line being exe-
éuted; This model ‘is similar to DuBoulé?’s model of the LOGO machine in thg;

way it makes the basic ope;ations of the'computer visible to the learmer. A .

X . i :
2 x 3 foot diagram &¥ntaining these parts, and a brief one page description

. R K
were provided t6 subjects in the "model group" (see Figure 2) but no model was
\

giéed to the "control group."
. . . .
AlL subjects then.were given a 10-page manual that described seven state-

.

merits modified frdm'BASIb.and FORTRAN. (see Table 1). For each statement, the

=

manual~pre1?nted the statement, provided the grammar rules for the statement /.

(e.g., definitions of legal address names), and gave an example of the state-

~ \

ment 48 it might occur in a line of a program. Subjects in both groups -were
given the same manual to read at their own rates, averaging 20 to 30 minutes.

Following reading, the same test was given to all'sﬁbjects. The test

consisted of six types of problems: (1) generate-statement problems gave a

prébleh'iq English and requirédva one statement program as the'soldtion,
. , - . . (\ ."
. D) .
A ~

w"l

~
L Ve
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i ot ) .
predicts that presenting a model prior to learning will enhancg'learning be-
> - r B - Bl .
cause it provides a meapingful context, but présentiné the modeloaftei the text
. N b . LY
will not. enhance learning because students will have already éncoded the

material in a rote way. In further studies (MAYE76a)'subjects read the same

.
. "
.

" BASIC-like manual, but some subjects were shown a concrete model of the com-

puter before reading while others were shown the same model aﬁﬁer reading the

-
.

manual. Thus, subjects In the before group (i.e., those who received éhe model

v

. . . R .
first) were able to use the model while encoding the material(in the text, but
_ >

the after group (i.ey, .receiving the model last) was not.
Method. The booklet, model and test were similar to those used in the

previous experiment. The before group received the model, then the booklet,
.

LV then the testi .The after group received the booklet, then the model, and then
- ' J . . . AN

the test. — P

'
£

‘Results. The proportion of correct answers by type of gioblem for the two

~éroups is given in Table 4. As can be seeqf the after group (like the controls

e

in the previous suugy) excels on retention-like probiems .e., generation-

& .
statement and generﬁtidn-nonIOOP), but the before sub

4

ts excel on problems

requiring creative transfer- to new situations (i.e.Wgeneration-loop, inter-

pretatién-statement; interpretation-ponloop). Thus, these results providé
1 -

L

. « further sipport for the ¢laim that subjects who use a concrete model during

learning develop learniné outcomes that support breader transfer. As pre-

dicted, the locus of the effect is befose rather than affer instructiop.

- -

Y , / Insert Ta?}e 4 about here

[ ©
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ZZ) generate-nonloop problems gave a problem in English and required a short

non-looping program for solution, (3) generate-lopplng problems gave a’problem

in English and required a looping program for solution, (4) interpret-statement

probléms gave a sinéle statement pragram and asked the student to describe what °

-

the computer would do, XS) interpret-nonloop gave a non-looping program and

asked for a description of what the computer would do (6) interpretdlooping

problems gave a looping program ané required a description of what the cbnputer
would do. Examples of the six problems are given in Table 2. )
§65ults. The proportion correct response by'type of problem for each of
the treatmént groups is given in Table 3 As can be seen, the control group
performs as_.well or better on probleds that are very much, like’ the material in
the instructional manual, e.g., generate-statement and 4erate-nonloop. How-.
ever, on problems that require moderate amounts of transter%;-e.g., generate-~

loop and the shorter interpret problems——the model ggéup excels. Both grbups

do poorly on the very complex interpret-looping programs. The difference in

the pattern of performance is consistent with earlfea'results in orher domains
«in #hich mohels_enhance transter performance but not simple retentfon of pre- .
sented material. Apparently, the model provided an assimilative context in.
whichnovices co*ld relate new technical information in the booklet to a

familiar analogy This learnitj procqps regulted in a learning outcome that

Supported some transfer.

oy

_Insert Tables 1, 2 and 3 about here

Jd
¢ |

2.6 Locus of the Effect.pf Models //L

.

One problem with the above study-is that the model Subjects received more

.information than the controls. However, assidilation theory (§ee,Introduction)‘

Q ) v

0 . R

’ !
N - 1\( \
(V4 . ’




2.7 'Effeqté of ‘Models on Recall Performance

, ) . o - : 1_5

The ab0vewstudies used transfer tests as a measure of what is learned

* -

under different instructional techniques. Anofger technique ﬁnvolves asking

subjsct§ toitry to write down all they can renembe5 about certainfgtatements. <’

~

In a follow—up study (MAYE80) subjects read thigsame manual and were given'the

- h— - -

model either before or after reading as in the previous study- However, as a «—"

test, subjects were asked to recall all they could about portions of the manual.,

.

Method. The sane booklet and model‘were‘usgiﬂas in the prev}ous.experi_

- ‘nen}sf“ﬁ{th some minor/hodifications. The before’group receiged the model,
; .

thén the manual, thén the recall test; the after group#teceived the manual,
- . ) -

*

" tentiod requires reeall.of specifiovcode, but good transﬁerrrequires under-

- then the model, and then the.recall test.

s ¢ \
"Results. In.order to analyzé the recall protocols, tHe information in the’

-
*
4 ‘ - . /

manual was broken down into "idea units." Each idea unit expressed one major

idea or agtion. Thére were three kipds of idea units in thedpanual'

Va
(1) conceptual idea units related to the internal qperation of the computer,

(2) technical idea unitg gave exampies of. code, and (3) format idea units gave

grammar rules. Table 5 gives exafples of each type of idea unit. ’

‘Table 6 shows the avérage number. ‘of correctly recalled idea units from

each category ﬁor she two groups. As can be’ seén, the before group recalLs

more conceptual information while'fhe after group recalls more technical and

-

¥
format information This pattern is consigtent with the idea that good re-
‘ v .

0

standing -of conceptual ' ideas. Alsb, Table 6 shows that the before group in-

cluded more inyruéions about the model and about other idea.units from other
sections of the booklet, thus suggesting they integrated the infornation

i B » [y - ,
better. For example, an intrusion is, "An address is a slot in the memory

[

scoreboard."_The“agter group, however, included more vague summaries and

. -

connectives which served as "filler." For example,, a connective is "#nd that's

- 26 - - :
2 ‘
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~

how READ statements work.” Thus, as with the trapsfer test, subjects given the

model before learning show evidence of more integrated and congeptual learning

of technical information.

5
Insert Tables 5.-amd*6 about here

.

R4
-

2.8 Effects of Models on Transfer and Recall Using a Different Language

»

Although E{e above results are consistent and were obtained in a long

series of studfes, their generality is limited by the fact that just one type

of language was used. Thus, ; follow—up study (MAYE8Oa) was onducted using

a file management language based on SEQUEL (GOUL74; REIS 77) The goal of this

-

"study is to determine whether the results from previous studies generalize to a

new domain. S -

. -
3

"Method. Subjects read a manual that presented the file management lan-
'\. N ’

guage . For one group of $ubjects, the model group, the manual began with

discussion of a concrete model and related each statement to the model: (see

Figure 3), but no model was given to Ehe control group. The manuals were

informationally equivalent. Each page of the booklet presented one of the

eight statements- shown in gable 7, along with examples of how the statement fit

-

into a program. Figure 3 presents the concrete model' that was used: long-term

- memory is represented as a file cabinet; the sorting function is rep:esen:éd as
an in-basket, out-basket, sné save basket; temporary memory is rep;gsented as

an erasable scoreboard; executive control is represented as’a list and. pointef

arrow; output is represented as a message pad. The entire model was presented

¥

on a 2 x 3 foot diagram, in order to enhance the learnmer's ability to visualize

-
3 5

the system. . . w

After reading the manual, all subjects took the same 20 itemrtest.

Problems varied in complexity from generating or interpreting a sort-1 program

r




“r

~

(with very few peratioms) to a éd‘REEETZ program (wiﬁh many different state-
ments integrat nto oﬁ% large prograh). Table 8 lists the five different
‘krnds of progwams used.

Table 9 gives tha\proportion of correct answers by type of

* )
he two treatment groups. As can be seen, the contro}l group

Results.

problem for

. performs as/well as the model group on very simple problems like those in the

]

manual, bqé the model group excels on longer problems that require creatlvely

1ntegrathg all of the statements in the booklet. Thus, as in the studies with
/’ .

Basic-ljke materials, a familiar mo&el’serves to enhance performance on cre-
I -

) .
ative yransfer when it is presented prior to technical instruction. '

. Insert Figure 3 and Tables 7, 8 and 9 about here
. :

.

2.9 Ability , ' ' \
e pattern of results oesCribed,above tended to be'strongest tor low_////
ability subjects (MAYE75b) where ability is defined in terms of Mithemat;cs SAT

score. For éexampde, for low. ability subjects the advance organizer increase&

»

transfer test performance (55% coxrect) as compared to the control group (457
correct), but for high ability learners the advafice organizer group performe@//
more poorly than the control group (55% versus 62% correct, respeq;ively)
Apperem%ly, high ability learQErs already -possessed their own useful "models"
for thinking about how-a computer works, but low ability students are more
Iikeiy to lack useful prerequisite gnowiedge.

=

2.10 Text Qr;enizatIBh ) {

The pattern of results describéd above also tended to be strongest when
material was poorly organized (MAYE78). For éxample, the Basic-like manual was

-

presented either in its original order or in a random order. In the random

7/

€O
o

»

3

b

-
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order, presentation order of paragraphs was randomized.s For }he randomized

N\ -

Version of/the manual, the advance organizer group performed better on a

transfer test than a c6ntrol group (41% correct versus 31% correct, respec-

. .
L4 . &

tively); but for the logical version7%f the manual advance organizer group

r -~
- N

[y

performed but did not outperform the control group (36Z versus 442 correz;, ! ;/
respectively) Apparently, the monel is more useful when material is po¢fly-

Ve
structured because it helps the reader to hold the information'together.

P .

2,11 ConcIusion
. These results provide clear and coq%istent'evidence thfé a concrete model

/.can have s strong effect on the encoding and use of ney technical information hy
’ - novices. These results provide empirical support to the claims that allowing

A

znovices to '"see the works" allows them to encode information in a more cohérent

+

and useful way (DUBO76 DUBO78). When appropriméf models are used, the learner
seems to be able to assimllate each new statem%nt to his or her image of the

computer system, Thus, one straight¥orward implication is: If your goal is to

produte learners who will not need to use cﬁi language creatively, then no model
. .

is needed. If your goal is to produce learners who will be able to come up with

(//sr ~ creative solutions to novel (for them) problems, then arconcrete model early im

-

learning is quite useful. More research Is needed in order to determine the
specific effects of concrete models on what is learmed, and to determine the

characterigtics of a useful dodel.

3.0 DOES SIUDENT ELABORATION ACTIVITY AID MEANINGFUL LEARNING? '

3.1 Statement of the problem

i f a
-

The previous section provided evidence .that concrete models may influence

4

A . A

learning of computer programming because they provide a familiar context for

~——
LY

assimilating the new materia)]. The second major technique for increasing

.
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i

the meaningfulness §f technical information is elaboration--encouraging the

=
- -

learner to explain the information in his or her own words and to relate the '

N .

. . ;, ' .
material to other ideas or concepts. Elahoration techniques may influence
meaningful learning becaiuse they encourage the activation of existing knowledge’

thatyis relevant for comprehending the newly presented material, i.e., elabor-

*ation may aﬁfeﬁt the actfvation pro:zss (see Figure 1).

/3.2 Putting It in Yéur Own wOrdQ
A ) ' L]

. . . \

’

There is some evidence that asking subjects to put ideas into their own

words during learhiné can enhance the brea@lh of learning. For example, Gagne '

& Smith (GAGN62) asked subjects to give a verbal rationalization for each gtep

. v ) .

is they learned to solve a three disc versibn’of the Tower of Hanoi problem

(EWER72). Tﬁese—subjects took longer ;o learn than those-who did not‘verbalizé;f
houever, they were able to J;ansfer what they "had learned to diéferent problems, ‘
such as a six disc version, puch more efficiently (e.g., 3.8 minutes to solu- ,
tion) than the non-verbalizers (e.g., 10.0 minutes to solution).

. More rgéently,'W1Ctrockh(w1TT74)t pés propesed the idea that '"learning is
a generative process"--i.e?, learni;g occurs when the learner actively generates
assqgiations betweédn what iéﬁpresentéd hnq.what he already has in memory. As

‘an example, Wittrock (WITT74) presented a study inp“which elementary school i
~ v Vv _— -
children read a passage and either generated a one-sentence summary for each.
Lo

paragraph or did not." Recall by th; students who generated summary sentences 3

ﬁas’nearly double that of the control groupi‘ Appatently, - when students are

. _ o . )/ .
actively encouraged to put information in thedr own words, they are. able to/

-
»

N

connect the new' information to existing knowledge.
Edaboration. techniques have long been used by experimental p®Ychologists
to enhance the learning of paired associafes‘Csuch as HOUSE-CASA). TPor example,

" when students are asked to actively form mental images or a sentence involving

8
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word pairs, paired associate recall is greatly enhances (BOWE?Z, PAIV69). More

recently, elaboration techniques have been used in school currtcula @ANST78,

~WEIN78)., for example, in studying human physiology, students are asked "How do,

artéries differ from ve{/s°". Several researchdrs have argued that students

should be given explicit txaining in "learning strategies" for actively pro-

.
’

cessing new material (ONET78). ) ' .

. ’ The following is a series of studies that expl?re the role of elaboration

, : 3
¢ techniques in learning‘computgr programming. The main theme of this research

is to determine how "putting it in your own words" influences the learning of a

new computer .language.

LY

3.3 "Effects of Model Elaboration on Transfer:Performance
; — 3

* ;The first. set.of studies (MAYE80a) address the'question of whether elab-
—\
oration activity influences students ability to engage in problém solving. 1In

these studies, subjects learned a new computer programming language and either
wereé or were not encouraged to,describe what they 1earneF in their own words by

relating it to a concrete familiar situation. § .

N

- Method. Subjects read an instructional manual covering an information
management-language Similar to that described‘h1the previousg section (see
Tables 7 and 8). For subjects in the model elaboration group, there was an

//laboration page after each page in thq manual while for subjects in the con~
I

] .
trol group there,u&e«no elabor!tion exercise. The elaboration exercises asked

the subjecg to destribe the newly learned statement in terms of operations
oy .
within a concrete model of the computer.: Table 10 provides a typical exercise.

Then, all subjects took the same 20 item problem solving test as described in

the previous section.

- - +

Insert Table 1(7 and 11 about here

-

e
- . —
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Results. Table 11 shows the proportion correct response by type of problem

.

2 " . . . -
for the two groups. As car be seen, the control group performs Jell on simple w////
. ., 3
- T:) retention-like problems, but the model elaboration group performs con}iderably. o l
bettet on problems requiring’ creative trangfer. Thus, there is evidence that
. N

reqairing the learners to put technical information in their own words though ™

relating the material to a %amiliar situation, re ults in broader learning

~ - i \

outcomes. The results: are similar to “those given in Table 9, and suggest that

) , N

model advance organizers and quel elaboration e similar eff%cteh . ' “

' 3.4 Effects of Compardtive Elaboration on Transfer Performance, .

In the previous study, a concrete situation is presented and the learner is
] . . /

4 , ~
\\\ . asked to relate the new informatiOn to it., However, the results are ambiguous

- in the sense that they may be’attributéd either to elaboration activity per se !5

or to the fact that additional infermation (about the concrate model) was pra-
sented to the model elaboration group. The purpose‘of~the present studies were

to use a E!nd of, elaboration activity that does*not'add new information (MAYE80a).
] , . ) .
Thusv a set of studies were conducted in which some subjects were asked to

.

v

compare newly learned statements in their Bwn words. ¥ L p
Method. Subjects read the same manual about an information management

* language as in the previous study. However, some subjects were given an elab-

. -

oration page after eath page in the'booklet (tomparative elaboration group),

while for other subjects there was no elaboration {control group). The elab-

> .

oration activity asked subjects to tell how two statements were similar and ) *

differeﬁt; in their own words. Table 12 provides a typical exercise. Then, all

~

subjects took the same test as in the previous study.
Resu&ts’ Table 13 shows the proportion of correct anqwers by type of

\ -

problem for the two groups. As can be seen, the control group excels on

‘ ' "

L2
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ﬁ'

rEtention-like problems bu’ the comparative elaboration groups excels on the

~
I . -

. °. emore complex’transfer préblems. ‘nu.?, there‘is evidence co(réggonding to thatj

L found in the model elaborationﬂstudies that asking learness to put technical

7/- informatiqp in tq;ir own words (through making comparisons) results -in broader
. . — -
e 9“-. learning which‘Supports transfer.
;‘ - . ’ -
- " " ‘ -t ) L] \
+ Insert Tables 12 and 13 about here

« ' . v
L4 N T “
) 3. 5 Effects of Model and Comparative Elaboration on Recall
.U The previous studjes suggegt that elaboraticn activity can ‘influence

. ¢ <

transfer#pérformance.

As a further test (MAYE80a) subjects were given manuals

5 with either no elaboration questions, mogel elaboration questions, or compara-
. o
+

tive elaboration questions. It can be predicted ;:at the el‘boration subjects

should recall more informatian that supports txansfer--such as conceptual in- ,
i .
fo/ tion--while’ the control group should recall more information about specific

. [ 4
e statfents—mh as technical information. S B
g . Method. As, in the previous study, subjects read a manual explaining the

information‘mamagement language that contained either-no questions (contrgl
(Y t. . - }
b group) ; model questdions (modef elaboration group), or comparative questions

-

i 4 -
(conparative,elaboration group). Then, subjects were asked to recall portions
[} - . -,

3
»

) of the text.
- ; ‘ . - O
g * Results. For purposes of scoring the reﬁall protocols, the text was
- . - -

- -l

divided into idea units. Some of thg idea units presented information about how
~the computer operated (conceptufl,idea)d/its) and others emphasized the grammar

;‘ and technical aspecps of eaé’?atat;ﬁent (technical idea units) Table 14 shows
T the average‘humber of idea units rEcalled by type for the three groups. AS can

be ggen -the control group recalls equ%l amounts of both types of information,
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~ . .

but the elaboration groups each tend to emphasize recall of congeptual as com-

pared to technical information. These results are consistent with the results

. 1 4 )
of the transfér studies, in that conceptual information is likely to be needed

to support transfer. - ’ N

. v
Insert ?able 14 about here ‘

N ' L

3.6 Effects of Note-taking on Transfer and Recall Performance .

The foregoing series of studies provides some evidence that. elaboration
techniques influence the bre?dth o£ learning. However, the generality of the
result is limiced’by the fact thet just one type of manual was used and just two
tyggs of elaboration activityﬁ In addirion, previous studies did not contrqi—\\
for amount of reading time. Thus, an additional series ot/;tu&ies (PEPE78) was
congycted using a different languaée (a BASIC-like language) and a different
elaboration acti&ity (note-taying). “

Method. Sabjects watcned a 20 minute videotape lecture describing seven'
BASIC-like statements similan;td the manual described earlier. Some subjects

wereiasked.to take notes, by putting the basic information in their own wordse

- ‘ N . \ .
* Other subjects simply viewed the lecture without taking notes. As a test,

" -

subjects were Riven problems to solve or asked to recall portions of the lesson.
Videotape presentations controlled for presentation time in the two groups.‘

Résults. Table 15 gives the proportion of correct answers on generative

~

problems (similar to those in the lessoq) and on interpretation problems (wnich

were not in the lesson). As-can be seen, for low ability subjecte (based on
. »

. T ’ .
Mathematics SAT scores), there is a pattern in which note-taking helps perfor-
- ’

Y

mance on transfer buf hn§§s performance on the retention-like problems. For

high ability suojects, note-taking has no effect, presumably because high ability

»

L
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— learners already possess strategies for actively assimilating the new'iqfor-

* mation. G

Table 16 shows recall of the lecture by.type of idea unit for the two

-

groups. As can be seen, the note takers recall more conceptual information, but

Eand -

there is no difference between the groups in recall of technical information.
Thuh, the results are consistent‘with the model elaboration and compérative
élaboratign studies concerning the effects of asking subjects to put’ new tech-

nical information in their words during learning.

Insert Tables 15 and 16 dbout here .
3.7 Conclusion ' :

¢ ”
The goal of elaboration ## to help the learner to be able to describe the

key concepts in his own words; using his existing knowledge. Unfortunately,

. there is no fool-proof way tg design uéeful elaboration activities. Emphasis on
format or grammatical detail:RLnd emphasis on errorieés verbatim recall of

. ! . 3
statements will not produce the desired effectsgThe learner should be able to

describe the effects of each puogrém ééatement”in his own words. r:

4.0 UNﬁERSTANDING COMPUTER PROGRAMMING

-

The previous sectiohs have focused on the issue of how toctéach novices.
This section b;iefly examines the issue of what to teach. Greeno (GREE76) has
argued that instruction for proble; solving tasks should be based on cognitive

< opjectives--statements of what the learner shodld have in his or .her head at
tba;‘nd of instruction. Two major obj?cti%es that are relevant to enhancing a.

\

novice's understanding of computer programming are: knowledge for uPderstanding

Al &

a statement and knowledge for understanding a ‘program.

—




. 4.1 Understand ng a Statement

NG

* gram). ;-

Wwhat does it meangfo say that someone understands" g certain statement?

In a- recent anaLysis of BASIC, each statemenb is described as a ''transaction"

(MAYE79c). A "rPansaction" consists of an action, an object, and a location in
\ ’ :

the computer: For example, the statement LET X = 5, consists of the following

[N

six transactionsE / v
. « - N

1.. Find the niWer indicated on the right of the equals.

(ACTION %ind,.OBJECT Number, LOCATION Program) -

N

equals. (ACTION Find OBJECT Number; LOCATION: Memory).

Find the number in the memory space indicated'on the left of the

3. - Erase the‘number in that memory space. (ACTION: Destroy; ORJECT:

\ t [ D e~
Number; LOCATION: Memory). .

. . 1y
4, f Write the new number in that memory space. (ACTION: Create; OBJECT:

[ 4

Number; LOCATION: Memory).

Y

Proéram).A(

4

6. Do what. 1% says. (ACTION: Allow; OBJECT: Command; LOCATION: Pro-

4 B <

1

“

Thus, there is a general structure for each transaction; you can exaect some £

action to be carried out on some object in some location in the computer. The:-

two tecnpiques tited in previous sectfons can be applied to teaching a trans-

action-type enalysis of stateéments. It may be noted that statements with the
- . ‘ a4 ’ “ L. .
same name may actuglly consist of different actions. For.example, a '"Counter
- . 4 :
Set LET" such as above is different from an "Arithmetic LET" such as LET X

= 5/2., Explicit naming and describlng of different types of statements with the
{ / . .
same k¢yword may . become a part of computer - instruction.

. <: t
LN » , R ~ -."

5. Go on to the next statement. -(ACTION: Move; OBJECT: Pointer; LOCATION:

{



: 4.2 Uudetstanding a Ptogtam

Hhat do expetts know about computet programming that beginnets do not

~

» know? One answer is that experts possess much more #Information and?that the
informafisn is otganized more efficiently. For example, a review of research
on teaching people how to become better problem solvets concludes that good. U

ptoSlem soxving requires that the user has domain-specific knowledge: '"All.

ptoblem solving is based on kndwledge" (GﬁEESO). '3£.dlatly, Simon (s1M080)

k/f eSthnates that a person needs 50,000 chunks of domain-specific information to

become an expert in some domain.
In a classic study, subjects were asked to view briefly ptesented chess
board configutations and then try to reconstruct them (CHAS73). Chess masters

petformed much better than less experienced players on reconstructing board

-

configutations if the board positions came from actual games; however, the

()

advantage was lost when random board patterns wete~ptesented. This finding

.suggests that experts i{n chess do not necessarily nave bettét memories,. But
. -

rather they havé a repertoire of maﬁy meaningful patterns of board positions.

They can chunk several pileces together inté one meaningful pattern while a less
expetienced player must try to temembet each piece separately. In an analogous

study reportediby Shneiderman (SHNEBO), experienced and inexpetienced pto- ’
gtsnners were given programs to study. Expetienced programmers were able to
recall many more lines- of code than inexpetienced ptogtammets whefi the ptogtam

was a meaningful running ptogtam, however, when the program consisted of tandom

-

‘%Nimes of code the two groups pefformed at similar levels. Apparently, the

L 4

" experts were able to chunk lines of code together into chunks while less ex-

perienced users were less able to form such chunks.

~
-~

For example, Atwood & Ramsey (ATWO78) suggest that experienced, programmers

e
.

encode a segment such as,




£y

SUH.O . ' ... N )

DOL1l=1,N o | ' L . -
. . <
SUM = SUM + (1) | -

1 CONTINUE P - .

-
1

'-) =
s "CALCULATE THE SUM OF ARRAY X.” An experienced programmer has a "schema"
for this task and is able to’ generate a variety of lines of code to accomplish

it. In order to provide a more precise description of the "schemas' that are

-

. - .
involved in understanding programs, Atwood & Ramsey (ATWO80) used a modified
[

verfion of Kintsch's (KINT74) propositional analysis. Each statement im the
- - \
program.cén be written as a predicate with arguments, and a macrostructure can

“

be constehcted. Althaqugh a detailed description of Atwood & Raﬁsey’s system 1is
beyond the  scope of this paper, their work is promising in that it éuggests
that knovledge can be represgnted precisely.

One implication of this work is that it might be possible to ex’licitly

teach the major Ychunks'" or "schemas" involved in computEr programming using

tHe techniques cited- in previous gections. Explicit naming and teaching of
Al ' . / !
basic schemas such as these may become part of computer programming curricula.

SUMMARY . . . B

e . “ L]

This paper is concerned with how.to make computers and computer pro-

gramhing more understandable for nowices. Two inétructional techniques from
. E . -

)

educational and cognitiQe psychology‘ére described—-using’concrete models to:
represent the computer system; and 3ucouraging ‘the learner to describe tech:
‘ L4
“93
nicaI infarmation in his own erds. A review of the effectivenegs of these
. —

techhiques revealed that, under certain conditions, both may enhance, the

learner's understanding as measured b& gbility to solve transfer problems.™

”~ v

‘Finally, two major objectives of computing instruction were suggested--en-

-hancing the novice's ability to understand statements and to understand programs.

\
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LR 2 L] - !
FOOTNOTES -
R — S - R .
. 1. Transfer problems are problems that are différent from those giverr in
> . .

the text, but can be golved using information in the text. ' Since

the text gave information about hqw to gengrate single statements and
si&pbe programs, these two kinds of preblems are not trénsfer problems.
$ince éhe text did not explicitly mention‘&doping, problems that require

the generation of a looping ﬁrogram are transfer problems. Similarly,

- . K
o since the text did not explicitly deal with interpretation of programs,
M interpretarion problems are transfer problems in this study. However,
. looping-interpretation may require much More transfer than the others,
since it is’ most different from the text. .
. ’ . -~
N\ 2. These tables are brokem down by problem compngity, with more complex

proBléEs requiring transfer. The same general pattern is found for
both generation and inverpretation problems.' Table 13 shows data for

interpretation problemb only, in order to avoid unnecessary complexity.
. > . .

However, this table cannot be directly compared with Table '11.
[y . \‘ 4 P .

o

N}
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Seven Statements Used in BASIC-like Instructional Booklet

Name

READ
WRITE
EQUALS
CALCULA'_rE
éoto

"IF

STop

-
-
-
.
.
-
L3
-
>
>
.
N ‘.
>
.
-
'
.
s
.
-

Table i

.3

Example ,

Pl

. P2

P3
P4
P6
PS5

P9

READ (A1)
WRITE (A1)
AL =88 - o
Al = Al + 12
GO TO Pl .
ir‘rx{- f00) G0 TO P9
)

STOP




Table 2

Examples of Six Types of Test Problems for a BASIC-like Language

Generation-StateEent ) Interpretation-Statement '
Given a number in memory space AS = 0
A5, write a statement to change ' &

that number to zero. «

Generation-Nonioop Interpretation-Nonlégp
Given a card with a number P1 READ (AlY
on it is input, write a P2 'Al = Al * Al .
' program to print out its i P3 WRITE (Al)
' square. P4 STOP L
— B . ‘ p -
Generation-ioqé{gg . ~ Interpretatioh~Looping
Given a pile of data cards Pl READ (Al) '
is input, write a program to P2 1IF(Al = 88) L§Q TO ;5
print out each number‘a;d stop P3 WRITE- (Al) ‘
when it gets to card with .88 , { P4 GO TO Pl
;o ey P5 -STOP .
-
; L
p . )
" )
s .

4

)




* Table 3

.
-

- »
Proportion of -Correct Answers on Transfer Test by Type of Problem for Model and Control Groups

5

4

Géneration . E ' Interpretation
1 \ ) . . )
Statement Nonloop . Looping - Statement Nonloop Looping
Mddel Group' .63 237 - .30 .62 .62 .09
Control Group .67 52 .12, - b2 .32 . W12
Note.  20.gubjects per group; interaction between group and problem type, p < .05.
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Proportion of

~

-

* Generation

Statement Nonloop ‘ Looping

.57

.77

.50 .20

.63 4, .13

Table, 4

rect Answers on Transfer Test by Tyﬁe of Problem for Before and After Groups

"

Interpretation

~-

Statement Nonloop Looping

.47 .63° .17

»

21 40 17

~

. /
Notg. 20 s“bJESQE,Per group; interaction between group and problem type, p < .05.

-
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’ Table 5
v Example of Cé'nceptt.:al, Foi'ma.t,.and Technical Idea Units
' Izp’& idea Urlit / l . , ‘ -
' Technical ' READ ;s oné kind of statement. ‘
*Format o The format is READ ( ). ) .o .
Format ‘ An address name goés in the parenthesis.
-Conceptugl, FAn address name_,is a space in the computer's memory.
" Conceptual. There are 8 memory spaces. )
Technical The spaces are called Al, A2 . ol
Technical An example is, READ (A2).
Conceptual A F‘irst, the computer checks the number from the top dqta card.
Conceptual ' Then, that r.lumber is stored in sp.ace A2.
Concept:ual The p,rev‘ious number in A2 is destroyed. .
Concepttual ~ _Then the data card is sent out of the computer.
. Concéptual ~ This reduces the pile'of data card by I.
,‘ . Cdnceptual Then, go on to the next statements.
. - ‘ .
4 - .
.,Q




' ' |
3’ , i
Table 6 .
' Average Number of Recalled Idea Units for the Before and After Groups
Idea Units ° Intrusions
Technical Format Conceptual Inappropriate Appropriate Model
(14) (12) (35)
Before 5.0 1,9 6.6 ' . 1.5 1.3 3.1
After 6.0 2.9 ®.9 ' L5 .8 .5
- . * .
Note, 30 sub’jects per group; interaction between group and problem type, p < .05.
. . \
Numbers in parentheses indicate total possible, ~ )
. e
) i
’ °

Ny




Name

FROM
FOR

AND FOR
OR'FOR
LIST
COUNT
TOTAL

LET

.

Table 7 4

Eight Statements Used in File Management Language Booklet -

e ‘
lExample (U "
FROM AUTOMOBILE
FOR WEIGHT IS CALLED 3000 OR MORE
AND FOR COLOR 1S CALLED GREEN
"~ OR FOR MAKE IS CALLED FORD'
LIST NAME
cNT -

TOTAL CURRENT VALUE

LET TOTAL + COUNT BE CALLED AVERAGE

T~
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_ Table g

Examples of Test Problems for a File Management Language

“Sort k-

List the owners' names for all

cars weighing 3000 poundS or re.

\

~

kSort 2

List the owners' names for all Iaté

model green Fords.

——

-
Count
_—.

How many cars are registered in

Santa Barbara County?

Compute | 3

What is the average current vhlue
of all cards?

\f '
Compute 2

what pepcentage of 1977 cars are

Chevrolets?

FROM AUTOMOBILE

FOR WEIGHT IS CALLED 3000 OR HORE
LIST NAME

FROM AUTOMOBILE

FOR YEAR 1S CALLED 1976 OR MORE
AND FOR COLOR 1S CALLED GREEN
AND FOR MAKE 1S CALLED FGHE'
LIST NAME

\-

FROM AUTOMOBILE
FOR HOME COUNTY IS CALLED SANTA%ARB‘RA
COUNT

LIST COUNT

FROM AUTOMOBILE

COUNT

TOTAL CURRENT VALUE

LET TOTAL + COUNT BE CALLED AVERAGE
L?'?T AVERAGE

14

! FROM AUTOMOBILE

FOR YEAR IS CALLED 1977

COUNT )

LET THIS BE CALLED COUNT"1 -

AND "FOR MAKE 1S CALLED CHEVROLET.

COUNT

LET THIS BE CALLED COUNT 2

LET COUNT 2 ¢ COUNT 1 BE CALLED AVERAGE
LIST AVERAGE .

-~
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Table 9 °
-
. /
Proportion of Correct Answers on Trangfer Test for Model and Control Groups--.

-~ 3 .
File.Management Language”

Type of Test Problem

Sort-1 “Sort-2 Count 'Computer-1 Compute-2
Model Group 66 .- .66 .63 .58 .45

Control Group .63 A .43 .33 .22

A

Note. 20 subjects per group; group x problem tzPe interaction, p < .07.
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Tablgf 10

Example of the Model Elaboration Exercise in.the Programming Text

Model Elaboration ' ~

Consider the following situation. An office clerk has an in-basket, a save

N [4
basket, a discard basket, and a sorting area on the desk. The in-baéiet is
full of records.. Each one can be examined individually in the sorting area
of the desk and then placed in either the same or discard basket. Déscribe
.

¢ .
the FOR statement in terms of what opertations the clerk would perforif using

the in-basket, discard basket, save basket, and sorting area.




: Table 11

Proportion of ‘Correct Answers on Transfer Test by Type of Problem for
‘ - . - N . — -

Model Elaboration and Control Groups

Type of Test Problem

Sort-1 Sert-2 Count

Compute-1 Conputer-2
{ Model Elaboration Group .65 ° .58 .64 .64 45
Contrel Group ‘ .66 .66 .41 .38 .27

A




, -48
Table 12 - '

Example of the Comparative Elaboration Exer&ise in the Programming Text

Comparative Elaboration

How is the FOR command like the FROM command?

How is the FOR command different than ‘the FROM command?

. .

-
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Tible 13

" 49

\ ~ 3

Proportion Correct on Transfer Test for Comparative Elaboration and Control Groups

\

* Type of Problem

L]

I

éomparative Elaboration

Control

.90 .90

.90 .90

PR

ld

Sort-l Sort=2 Count Tompute-l Compute-2

1.00 - .75 .55

?
.65 .65 .25

hel

-

Note. Data is for interpretation—prdblems only. 13 subjects per group. ///—'

AY

group ¥ problem type interaction, p < .05.

%
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Table 14 Y .

. r 4 .
Average Number of Recalled Idea Units for ML Elaboration, g,

. ComparativVeElaboration and Control *Groups .

*Type of Idea Units

»- Iechaical " Coriceptual

. r
L - ‘. , (52)

M,el"‘E,Iabot;a!iop. - ' . L 13.9 ¢

-Comparative Elaboration N T N N\, 14 1

“Tontrol- - T . N @ 5,
' . \. ‘\
Vogg 20 subjects per. grOupé group X type 1nteraction p < 03 -

for low abilit squects. Nmnbers in Parenthesis indij ﬁ“\

total po§sible. AN

o




.. Table 15 .

Proportion of Correct Answers on Transfer Test for Notes and No-Notes Groups -

' N

.ot oL }' " '.. Problem Type
- « " v . .

- { ° + * Generative Interpretive

~ \ ) * - . "
Low Ability §ubjects - ’ ir

Notes Group . - . .39 .56

) - ¥ . . .

No-Notes Group ' .49 .33 %
s - . (3 -

-

- . .l d | " "'

High Ability Subjects

Notes Group . .6% ’ .62
- No-Notes Group .60 ’ .60
. o .
Note. 15 subjects per'g;oup;‘effect of ability, p < .01; "

. i
. - interaction between group ability, and problem type, p < .025.

.

3
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Notes Group

No-Notes Group

’possible.

Table 16

. Type of Idea Units

-

52

Averige Number of Repalled Idag Units for Notes and No-Notes Groups

Téchnical Concep tual Intrusions

(28)
10.4

9.4

(36)
7.2

4.7

~

>

recall, p < .025. Numbers in parentheses indicate total

3.9

2.4

Note. 20 suljects per group; interaction between group and type of
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-Ssimulus /——)l SHORT TERM ——> Response

MEMORY

e ng' h

@ .| LONG TERM

MEMORY

v
Figure 1. Some information processing components of meaningful
learning. Condftion a 1is transfer of new information from outside
to short term memory. Condition b 1s availlability of assamilative
corftext in long term memory. Condition ¢ is activation and transfer
of o.ld knowledge from long term memory tg short term memory.
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Figure 2. A ,concrete model of the computer for a BASIC-like
language. ) ' .




Figure 2a. Descriptien for Mqul:_ o

The figure above represents a simple computer system which you will learn about
in this experiment. The computer is made-up of three main parts: (1) INPUT &
OUTPUT WINDOWS which allow communication between the computer's memory and the
outside world, (2) MEMORY SQOREBOARD which stores information 'in the computer,
and (3) PROGRAM LIST & POINTER ARROW which tell the computer what to do and.
what order to go in. Ea¢h of these three farts will now be explained.

INPUT & OUTPUT WINDOW

Notice that to the far left is an input window divided into two parts. A pile
of computer cards with numbers punched .into them cangge\put in the left part.of
the window; as the computer finishes processing each card it puts the card oq
the right side of the input window. Thus when the computer needs to find the
next data card, it takes the top card on the.left side of the input window;
"when it is done with the card, it puts it on the right side,

On the far right. is the output window. This is where printed messages (in this

case, only numbers can be printed) from the computer's memory to the outside

world appear. Each line on the printout ts a new message (i.e., a new *number).
. A

Thus the computer can store in memory & number’ that is on a card entered through
the input window or it can print out what it has in memory onto a.printout at
- the output window. The statements’'which put the input and output windows to
work are READ and WRITE statements, and each will be explained later on.

- - -

MEMORY SCOREBOARD
Inside the computer is a large scoreboard cailed MEMORY. Notice that it is
divided into eight spaces with room for one score (one number) in each space.

£
»
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 Figure 2a (continued) T N\

’ °

Also notice that each spacé-is labgled with a name -- Al, A2, A3,:A4, A§,.A6,
A7, AB. These labels or names for each space are called "addresses" and each.
of the eight addresses always has some number indicated in its space. For

exanmple, right now in our figure, Al shows a score of 81, A2 has the ?E?ber 17,

etc. '-.
L

. . ‘
It is possible to change the score in any of the eight spaces; for example, the
score in box Al can be changed to O, and you will learn how to change scores in

memory later on when we discuss EQUALS statements and CALCULATION statements.

'PROGRAM LIST & POINTER ARROW ° '

a

Inside the computer to the right of the MEMORY is a place to put a list of X
things to do called PROGRAM LISt and an arrow which indicates what step in the
list "the computer should work on.

’ <

Notice that each line in the PROGRAM LIST has a number so that the first line

is called P1, the second step is P2 and \so on. When a program Is inserted in.
the step indicator arrow will point to tHe first line (Pl); when the first step J
is finished the arrowy will go to.the next step on ehe list (P23, and so on down *
the list. You will 1d8rn how to control the ‘order of steps later on when the -
IF stacement, GO TO statement and STOP statement are discussed.
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Figure 3a. Description for Model ' = ' |

L] The computer is capable of three main functions: sorting record\cards
intp sorting baskets, remembering numbers on its mepory scoreborad, and out-

puting information'to the world through its message pad.

To understand the sorting function of the\yomputer you could think of an

‘.office worker sitting at a desk with three gsorting baskets, a line pointer

artow, and file cabinet with many drawers. Each drawer of the file cabinet

contains a different set of records; the name of the file is indicated on each

drawer. If the worker needs all the records in a particular file all the

-

worker needs to do is open that drawer and take out all the records. To avoid

mix-ups the clerk can take out all the records of only one file at a time, if

.

the clerk needs to bring records from a certain file drawer to his desk, first

«

'all the records from all,other files must be put back in their proper drawers.
- Thus, a worker may have all the ‘records for only one file on his desk at a
’ time. Thesge could be placed in the "in basket" which is on the left side of

the clerk's desk--it thus contains all of the to-be-processed record cards,

L4

waiting.for the office clerk to look at them. 1In the middle of the desk is a

-
-

work area with a line pointer arrow; Lhe(&ieskxnay place only one card in the :
. . work area at a time, and the pointer arrow points to just one line at a time.
¢
To the right are two more baskets-~the "save basket” and the "discard basket.”

If a record card passes the clerk s inspection it is placed on top of the pile

of cards in the "save basket'; but if it fails it is placed in the top of the

pile of cards in the. ''discard basket." The procedure the office worker uses is

’

to take the top ‘card from the "in basket”, place it in the work area with a

L4
pointer arrow aimed - at one line, and based on inspection of this line to move

that card te either the "save" or "discard basket." The worker continues until




A

all of the the records in the "in basket' have been processes so‘that the "in
basket' is empty and the '"save'" and '"discard baskets'" contain all the records;
tgen, sometimes the wo;ker might be asked to take the pile in either the ''save"
or‘the "discard basket" and put them in the "'in basket' for further processing.
To understand the memory function of the computer, think of a ﬁemory'
scoreboard. The scoreboard consisgs of 15 rectangular spaces like a classroom
blackboard divided into 15 spaces. Each space has a lable su;h ‘as COUNTZ2, and
each space has one number (of any length) in it. The office worker may count
all the records that have been stored in the SAVE Baskef, and this number céuld
be stored in one of the'spaces on the scoreboard. When a new number‘is stored
in-a space on the scoreboard,.the old number is erééed. However, when the
ogfice worker copies a number from one gf the memory spaces onto the output pad
the numb;r is not erased. ’ o - ¢
To' understand the output function of the computer think of a teleéhone
‘messaée pad. To communicate with the outside world the compute£ can write one
piect of information on each line ,of the pad. It is fills all the lines ;n one
page, if will jusg turn to thelnext page and begin‘ﬁith the top line. The
office worker may write down two kinds of dnfogmation on the output pad: a

numBer hmy be copied from one of the spaces on the scoreboard onto the pa& (but

this does not alter the numﬁér on the scoreboard), or information that is on

each card in the Save Basket can be copied onto the outbut pad.

)
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